Ascorbic acid is an important antioxidant that plays role both on growth and development and also stress response of the plant. The purpose of this study was to determine the effect of ascorbate on physiological and biochemical changes of sunflower that was exposed to multiple stresses. Chlorophyll and carotenoid contents decreased and glutathione, ascorbate and malondialdehyde contents as well as antioxidant enzyme activities increased for sunflower plant that was exposed to 50 mM NaCl and pendimethalin at different concentrations. These changes were found to be more significant in groups simultaneously exposed to both stress factors. While malondialdehyde content decreased, chlorophyll, carotenoid, ascorbate, glutathione contents and antioxidant enzyme activities increased in plants treated exogenously with ascorbate, compared to the untreated samples. According to the findings of our study; compared to individual stress, the effect of stress is more pronounced in sunflower exposed to multiple stresses, and treatment with exogenous ascorbate reduces the negative effects of stress.
INTRODUCTION
Plants usually exposed to numerous stress factors simultaneously in their natural environment. Abiotic stresses (salinity, drought, high temperature, pesticides etc.) cause changes in physiological and biochemical functions of plants [21] . Salt stress is one of the abiotic stress factors which negatively affects plant growth and development [10] . It is known that changes occur at pigment content, lipid peroxidation, prolin content and antioxidant activity of sunflower exposed to salinity [20, 37] . In addition to salinity, weeds formation in sunflower growing areas has become an important problem. Different herbicides are used to inhibit weeds. Pendimethalin is a herbicide used commonly for fight against weeds with narrow and broad leaves especially in areas where cotton, sunflower and vegetables are grown. Pendimethalin injures weeds by binding to tubilin and disrupts the mitotic sequence [6, 41] .
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Abiotic stresses increase production of reactive oxygen species (ROS) in plants. The ROS are highly reactive and toxic and thus lead to damage to proteins, lipids, carbohydrates and DNA which ultimately results in oxidative stress [16] . Plants have developed various tolerance mechanisms in order to cope with abiotic stresses. Ascorbate-glutathione (AsA-GSH) pathway plays an important role in protecting cell against ROS that are produced by stress. AsA-GSH pathway includes both enzymatic (such as ascorbate peroxidase, APX; glutathione reductase, GR; glutathione S-transferase, GST) and non-enzymatic (including ascorbic acid, AsA and glutathione, GSH) antioxidants These antioxidants play a vital role in plant defence responses and help the plant survive [15, 30] .
Exogenous treatment of various antioxidant compounds increase stress tolerance of plants by inducing antioxidant activity [8, 25, 28] . Ascorbate (AsA) known as L-ascorbic acid or vitamin C is a multi-functional compound in both plants and animals. AsA, which plays an important role in stress defense and that is an important compound of ascorbate-glutation cycle, plays also role on cell division of plants, cell wall metabolism, root development, shoot apical meristem formation and photosynthesis [5, 16] . It is known that exogenous treatment of the AsA regulate antioxidant responses in plants under salt stress [8, 25] . With this regard as suggested by Sivaci et al. for chilling stress for S. muricatum, Abbasi and Faghani for salt stress in T. aestivum, Verma et al. for metal stress in B. Juncea, it was tested and found to have reduced stress effect of the AsA pre-treatment [1, 38, 43] .
The goal of this study is to determine defense responses of sunflower plant exposed to herbicide and salinity stresses both separately and simultaneously and to investigate the effects of exogenous AsA application (as pre-sowing) on these changes in sunflower plants.
MATERIAL AND METHODS

Plant materials and treatments
In this study, the pendimethalin herbicide was provided by "Basf". ES Novamis CL was used as sunflower seed. The seeds were planted after a portion of the plants was incubated for six hours in distillated water, whereas another portion was incubated for six hours in a 100 µg/L ascorbic acid solution. Before germination of seeds, only pendimethalin (8, 16, 32 mM) in some portion of pot, only 50 mM NaCl to some other portion of the pot and both 50 mM NaCl and pendimethalin (8, 16, 32 mM) together to the remaining portion of the pot were applied. Plants were grown in triplicate at pots containing peat under conditions having an average temperature of 28 °C and an average humidity of 60% in climate room. The leaves were gathered at about 21 st day of growth and were stored at -80 °C freezer for analysis.
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Physiological and biochemical analyses
Extraction and purification of the pigments were made according to De Kok and Graham [11] . Absorbance values of the samples were measured at 662, 645 and 470 nm according to Lichtenthaler and Welburn [27] . For determination of antioxidant activity, extraction of plant leaves were made according to Andrews [4] . Ascorbate peroxidase (APX) activity was determined according to Nakano and Asada [34] . The glutathione S-transferase (GST) activity was analyzed according to Habig et al. [17] . The glutathione reductase (GR) activity was performed according to Carlberg and Mannervik [9] . The glutathione (GSH) content was determined according to Akerboom and Sies [2] . The ascorbate (AsA) content was analysed according to Mukherjee and Choudhuri [33] . The malondialdehyde (MDA) content was analyzed according to Heath and Packer [19] .
Statistical analysis was performed using the SPSS 17.0 software. Duncan's method [12] and "t"-tests were used to determine the differences between averages and p < 0.05 was considered statistically significant in the analyses.
RESULTS
Total chlorophyll and carotenoids contents
Total chlorophyll content for the plants not pretreated with AsA decreased compared to the control groups while it increased in plants treated with AsA (p ˂ 0.05). The total chlorophyll content decreased to a higher degree in the pendimethalin combined with NaCl-treated plants compared to separately treated groups (p ˂ 0.05). The highest total chlorophyll content for the plants treated with AsA was found in the 32 mM pendimethalin treated group as 13.58 µg g -1 (FW). Exogenous AsA treatment increased the total chlorophyll content in the stress groups (Table 1) .
Carotenoid content for the plants not pretreated with AsA decreased compared to the control groups while it increased for plants treated with AsA (p ˂ 0.05). The highest carotenoid content for the plants treated with AsA was found in the 50 mM NaCl + 32 mM pendimethalin treated group as 6.81 µg g -1 (FW). Exogenous AsA treatment increased the carotenoid content both in the control and stressed groups (Table 1) .
AsA content
The AsA content increased in the plants, regardless of AsA treatment, in the stress groups, compared to the control groups (p ˂ 0.05). The highest AsA content for the plants pretreated with AsA was found in the 50 mM NaCl + 32 mM pendimethalin treated group as 0.57 µg g -1 FW. Exogenous AsA treatment increased the endogenous AsA content in the control and stressed groups (p ˂ 0.05) ( Table 2) . 
Acta Biologica Hungarica 68, 2017
GSH content
The GSH content increased in the stress groups compared to the control groups both in the AsA pre-treated and non-treated plants (p ˂ 0.05). The highest GSH content was found as 0.79 mg g -1 FW in the 32 mM pendimethalin treated group in the plants pre-treated with AsA. Exogenous AsA treatment increased the GSH content in all plants (p ˂ 0.05) ( Table 2 ).
The activities of antioxidant enzymes
The GST activity increased in the plants, regardless of AsA treatment, in the stress groups compared to the control groups (p ˂ 0.05). The highest GST activity was found in the 16 mM pendimethalin treated group as 1.19 μmol min -1 mg -1 protein in the AsA treated plants. Exogenous AsA treatment increased the GST activity in the control and stress groups (p ˂ 0.05) ( Table 3) . The GR activity increased in the plants, regardless of AsA treatment, in the stress groups compared to the control groups (p ˂ 0.05). The highest GR activity was found in the 50 mM NaCl + 32 mM pendimethalin treated group as 0.89 μmol min -1 mg -1 protein in the AsA treated plants. Exogenous AsA treatment increased the GR activity in in all plant (p ˂ 0.05) ( Table 3) .
In both AsA treated and non-treated plants, the APX activity increased in the stress groups compared to the control groups. The highest APX activity for the plants pre- Table 3 Changes in GST and GR activities in sunflower leaves exposed to NaCl and pendimethalin stresses treated with AsA was found in the 50 mM NaCl + 16 mM pendimethalin treated group as 1.71 μmol min -1 mg -1 protein. Exogenous AsA treatment increased the APX activity both in control and stressed groups (p ˂ 0.05) ( Table 4) .
MDA content
The MDA content increased in the plants, regardless of AsA treatment, in the stress groups compared to the control groups (p ˂ 0.05). The highest MDA content for the plants not pre-treated with AsA was found in the 50 mM NaCl + 32 mM pendimethalin treated group as 10.35 µmol MDA g -1 FW. Exogenous AsA treatment decreased the MDA content in the control and stressed groups (p ˂ 0.05) ( Table 4) .
DISCUSSION
Plant growth and development are affected by the environment [18] . Abiotic stresses, such as drought, salinity, cold, heat and chemical pollution are, often interconnected and lead to cellular damage and secondary stresses, such as osmotic and oxidative stress [42] . The different lower-case letters marked groups are significantly different from each other (p ˂ 0.05) among different concentration of NaCl and pendimethalin according to Duncan's test. The different capital-case letters mark significant difference between the AsA (+) and AsA (-) samples (p ˂ 0.05) of each concentration (of control and stress groups) according to independent samples "t"-test.
It has been shown by various studies that total the chlorophyll content is reduced in plants exposed to stress [22, 29, 37] . Our study has shown that, compared to herbicide stress, chlorophyll content is affected more by salt stress. In addition, reduction in chlorophyll content is more pronounced on plants exposed to stress simultaneously (Table 1) .
Santos [37] has reported that chlorophyll content reduces at sunflower exposed to salt stress and he related this decrease with the chloropyllase enzyme activity change and the reduction in accumulation of 5-aminolaevunilic acid. Our study showed that exogenous AsA treatment increased total chlorophyll content in control and stress groups ( Table 1 ). Similar to our findings, Khan et al. [24] have reported that foliar AsA treatment of sunflower exposed to salt stress increased total chlorophyll content on leaves.
Carotenoids are non-enzymatic antioxidants protecting plants from oxidative damage [26] . Sairam et al. [36] have shown that carotenoid content decreased in wheat depending on salt stress, while Kaya and Yiğit [23] have found that carotenoid content was reduced in sunflower depending on herbicide treatment. The present study showed that carotenoid content decreased in stress groups compared to control, whereas exogenous AsA treatment increased carotenoid content (Table 1) . AsA plays an important role by participating in scavenging reaction of chloroplast from H 2 O 2 or by acting as a cofactor for violaxanthin de-epoxidase [5] . In our study, the increase in total chlorophyll and carotenoid contents might be related with the role of the AsA in photosynthesis.
While AsA and GSH play a protective role against oxidative stress, they are also related with plant growth and control of cell cycle [35] . Our findings showed that both AsA and GSH contents increased in all stress groups compared to control ( Table 2) . Increase of both AsA and GSH amounts under stress might be related with the antioxidant characteristics of these compounds. Exogenous AsA treatment induced the response against stress by increasing the contents of AsA and GSH, which are the compounds involved in the ascorbate-glutation pathway. In addition, increase of endogenous AsA content in groups treated with exogenous AsA might be an indication of the transfer of AsA, that is applied to seed, to the inner tissues of developing plant.
AsA-GSH pathway in plants is important to create response against oxidative stress and it was shown by studies performed using mutant and transgenic plants that this pathway plays an important role for plant protection against stress [40] . APX and GR are two significant enzymes of ascorbate-glutathione cycle. APX utilizes AsA as electron donor and functions by reducing H 2 O 2 [39] . APX activity might change when plants are exposed to different stresses. For example, Kaya and Yiğit [23] found that APX activity reduced at sunflower exposed to flurochloridon. Kostopoulou et al. [25] reported that APX activity increased in response to salt stress in Citrus aurantium plant. Our study showed that APX activity increased in all stress groups compared to control (Table 4) . GR plays a major role in cell defense against oxidative stress. It efficiently maintains the reduced pool of GSH [14] . GST together with xenobiotic substances catalyzes the conjugation of GSH and plays an important role in detoxification [31] . Studies already exist showing that GST and GR activities change at sunflower exposed to different stresses [13, 14, 23, 44] . In the present study, GST and GR enzyme activities were shown to be increased all stress groups, compared to control. Treatment with both stress factors simultaneously induced a general increase of all antioxidant enzyme activities investigated (Table 3 ). It was shown that exogenous AsA treatment enhanced both GST activities that play a role on xenobiotic detoxification and APX and GR activities that are important compounds of ascorbateglutation pathway. This increase might be related with the induction of stress response due to the effect of AsA on antioxidant system.
The last product of lipid peroxidation, MDA, is an important indicator of oxidative stress [32] . There are reports showing that MDA contents increased at sunflower when treated with salt stress [3] and herbicide stress [23] . Similar to these findings, our study revealed that MDA content was increased at all groups exposed to stress, compared to control and this increase is more significant in groups simultaneously exposed to both stress factors. Exogenous AsA treatment reduced the MDA content of all groups (Table 4 ). Similar to our findings, Zhang and Kirkham [44] described that increase in MDA content at sunflower exposed to drought was inhibited by ascorbic acid and stated that this result is due to antioxidant characteristic of AsA and it can directly scavenge the radicals [44] .
The findings of our study can be summarized as follows. At plants exposed to salt or herbicide stress, chlorophyll content decreases, MDA content increases, antioxidant defense responses develop. When the stresses are treated simultaneously, the aforementioned changes are more pronounced. Exogenous treatment with AsA, which is a non-enzymatic antioxidant, reduced the negative effects of stress on the parameters investigated. Plants are exposed to numerous stresses simultaneously at their natural environment. Therefore, the results of our study suggest that exogenous AsA (vitamin C) treatment on cultivated plants might improve their stress tolerance.
